RESUMO
INTRODUCTION
Keratoconus is a progressive non-inflammatory ectatic disorder that affects young individuals and results in vision impairment (1) . Central corneal scarring and increased corneal aberrations are associated with decreased visual acuity (2, 3) . It affects both eyes in most cases, and is usually associated with eye-rubbing (1) .
A keratoconus patient's vision is usually corrected by spectacles, followed by contact lenses. Surgical procedures are indicated when patients are contact lens-intolerant or when spectacles and contact lenses fail to provide an acceptable visual function. A wide variety of surgical procedures are in practice to treat keratoconus. Corneal graft may be complicated by graft rejection, irre-postoperatively. Rigid contact lenses were fitted after surgery if the patients were dissatisfied with visual acuity outcomes during the refraction test. Corneal topography was used to obtain the steep keratometric value (Kmax) and VOL-CT. (Sarver and Associates, Inc, Carbondale, IL) software was used to analyze corneal topographic data in order to obtain the root mean square (RMS) low order (LO) and RMS high order (HO).
PATIENT SELECTION
Ophthalmologists of Goiânia were asked to refer us patients with keratoconus that had an indication for ICRS implantation. Indication for ICRS implantation was defined as follows: poor visual acuity with spectacles, intolerance to contact lenses, steep keratometric reading lower than 70 diopters (D) and clear central cornea. Patients that had never tried contact lenses were tested and if the lenses fitted well, the patients were referred back to their physician.
INCLUSION AND EXCLUSION CRITERIA
Patients with keratoconus that had indication to intracorneal ring segment implantation aged between 18 and 39 years old were included. Patients were excluded if they had other ocular diseases besides keratoconus, systemic conditions that could cause refraction instability (pregnancy, diabetes) or were illiterate and those who refused to comply with the clinical trial schedule and conditions.
SURGICAL TECHNIQUE AND POSTOPERATIVE CARE
A single surgeon performed all the surgeries between June and October 2007. The manufacturer's nomogram was used to calculate the ICRS (Mediphacos) implant size and location. Kerarings with a 160° arc size and thickness varying from 150 to 350 μm were implanted in all patients. Moxifloxacin HCI ophthalmic solution 0.5% (Alcon Inc., USA) was instilled four times 1 hour before surgery and pilocarpine hydrochloride 10mg/ml (Allergan Inc., CA) once before surgery.
The surgery was performed under topical anesthesia (proxymetacaine chlorhydrate 0.5%, Alcon Inc., USA). Polyvinylpyrrolidone-iodine (Ophthalmos Inc, Brazil) was used over the conjunctiva and cornea 5 minutes prior to surgery. A circular marker centered on the reflex of the microscope light on the cornea was used to create two concentric circles of 5 and 7 mm. A radial incision set at 80% of the local corneal pachymetry at the steepest corneal axis was made. This was followed by the creation of one or two concentric stromal tunnels with a curved spatula, consisting of an internal radius of 2.5 mm and an attempted extension of 170°, inside which the ring segments were implanted.
Post-surgery, patients were instructed to use topical antibiotics t.i.d. for 7 days (moxifloxacin HCI ophthalmic solution 0.5%) and corticosteroids four times a day for 10 days (prednisolone acetate 1%, Falcon Pharmaceuticals, USA).
STATISTICAL ANALYSIS
Quantitative variables are described by means and standard deviations (SD) if normally distributed by medians and interquartile (IIQ). Paired t and Wilcoxon tests were used to compare binocular BCVA and NEI-RQL scales before and after surgery. For measurements taken per eye, Generalized Estimation Equations (GEE) models were applied in order to take the correction within subject into account. Univariate and multivariate GEE models were also used to analyze the influence of variables on the NEI-RQL general scale.
Results from GEE models were expressed by estimated regression coefficients and its standard errors in the analysis of impact factors on QoL. The significance level was set at 0.05. All analyses were performed in the statistical package SAS, version 9.01. gular astigmatism, corneal opacification and glaucoma resulting in visual impairment (1, (4) (5) (6) . Intrastromal corneal ring segment (ICRS) implantation is a less invasive surgical option with acceptable clinical results reported (7) (8) (9) (10) (11) . It is an additive procedure: vision rehabilitation is faster than with penetrating keratoplasty (PKP) or deep anterior lamellar keratoplasty (DALK), and without the risk of graft rejection. Recent advances, such as ring implantation aided by femtosecond laser channel dissection, have enhanced the efficacy of intracorneal ring implantation (11, 12) . Vision rehabilitation in keratoconus patients is not totally explained by clinical measurements, probably due to the long-term adaptation to optical blur (13, 14) . Subjective approaches may help to explain the clinical measurements and final result (sense of vision) in these patients (6, 13) . A previous study showed that ICRS implantation improves keratoconus patients' vision-related QoL (v-QoL) (15) . The objective of this study is to analyze the impact of age, gender, educational level and clinical measures such as visual acuity, contrast sensitivity, aberrometry, keratometric values and refraction on keratoconus patients' v-QoL following ICRS implantation, using the National Eye Institute Refractive Error Quality of Life (NEI-RQL) instrument. We further identify which of these objective measurements are relevant to the keratoconus patient's v-QoL improvement.
METHODS
This is a prospective study that evaluates keratoconus patients before and after ICRS implantation.
The ethical committees of the Federal University of Goiás and the Federal University of São Paulo approved this study. All patients gave their informed consent prior to the study. All research adhered to the tenets of the Declaration of Helsinki.
Keratoconus patients self-administered a Portuguese validated version of the NEI-RQL instrument prior to the clinical evaluation, in order to avoid any influence of the exams performed during the medical appointment on the patients' answers (13) . Patients answered the survey before and after ICRS implantation (Keraring, Mediphacos, Belo Horizonte, Brazil), when they were using their best correction for at least 40 days. The survey consisted of 42 items used to build 13 scales (clarity of vision, expectations, near vision, far vision, fluctuation, activity limitations, glare, ocular symptoms, dependence on correction, suboptimal correction, worry, appearance, satisfaction with correction). The scales were transformed linearly to a 0-to-100 possible range. Lower scores corresponded with lower or poorer quality of life on each subscale. The NEI-RQL was scored according to the guidelines set forth by its authors (15) . The participants answered the questionnaire before any vision tests were conducted. F.A.C.T. (Functional Acuity Contrast Test; Stereo Optical Company, Inc, Chicago, IL) was used to perform a contrast sensitivity (CS) test. It was set at 10 feet and the chart was illuminated between 85 and 100 cd/m 2 . The test was performed with spectacle correction. Five spatial frequencies, 1.5 cycles per degree (cpd), 3.0 cpd, 6.0 cpd, 12.0 cpd and 18.0 cpd, were measured preoperatively and at 3 months postoperatively. In the analysis of the impact of CS on QoL, the quantitative CS values were dichotomized as 'normal' and 'abnormal'. Values higher than the lower normal limit were considered normal, and abnormal if they were lower. The F.A.C.T. instruction manual provided the inferior normal value.
Best corrected visual acuity (BCVA) with the current correction (spectacles, contact lenses or no correction) of the operated eyes and binocular BCVA were measured using a logMAR chart before and after surgery when patients were using the correction prescribed for at least 40 days. Manifest refraction, slit lamp biomicroscopy, indirect ophthalmoscopy, corneal topography (Medmont) and pachymetry (Sonogage) were performed preoperatively and at 3 months
RESULTS
Forty-two patients were included in this study. Nineteen (45.2%) were male and 23 (54.8%) female. The average age was 24.9 ± 5 years (range 18 to 39 years). Most patients (66.7%) were at or had completed high school, 7.1% had received basic education and 26.2% were at or had completed university.
Before surgery 9.5% wore rigid gas-permeable (RGP) contact lenses, and the other patients were equally distributed between those that used spectacles and those that did not use any optical correction. These patients did not use correction due to poor vision or because they were not able to use RGP contact lenses.
Forty-five patients were included in this study, of which three were excluded: two for ring extrusion in one eye and one that became pregnant during the study. Data were analyzed from the remaining 42 patients. Twenty-seven out of a total of 42 patients had surgery in both eyes while 15 were operated in just one eye, presenting a total of 69 eyes with ICRS implantation. Twelve patients did not have ICRS implants in their other eye due to acceptable vision. The other eye of three patients failed to meet the ICRS implantation criteria -these eyes had significant visual acuity impairment.
The steep keratometric (Kmax) value decreased from 55.92 D to 52.16 D (0.58) (p<0.001).
Binocular BCVA with the current correction improved after the surgery (0.13 ± 0.03 logMAR before versus -0.01 ± 0.01 logMAR after, p<0.001). The mean BCVA in operated eyes improved significantly from 0.497 ± 0.026 preoperatively to 0.297 ± 0.029 postoperatively (p<0.001). The mean spherical component of the refraction improved from 2.81 ± 0.44 to 1.71 ± 0.31, cylinder component improved from 3.89 ± 0.22 to 1.82 ± 0.21 and spherical equivalent improved from 4.55 ± 0.46 to 2.40 ± 0.30 (p<0.001).
Before surgery, 19 patients could not use any correction, 19 wore spectacles and four used RGP lens. After surgery 6 did not need to use any correction, 21 wore spectacles, 4 wore soft contact lenses and 11 used RGP lens.
RMS LO optical aberrations had a statistically significant reduction (mean 3.37 ± 0.17 to 2.08 ± 0.12 p<0.001), but RMS HO did not (1.65 ± 0.14 to 1.54 ± 0.10 p=0.4221).
Visual function measured by CS improved at all spatial frequencies, though at 6 cpd the improvement was higher (p<0.001).
QUESTIONNAIRE
In the univariate analysis, v-QoL was influenced by gender (males more satisfied than females), Kmax, spherical equivalent (SE), cylinder, RMS LO and contrast sensitivity at frequencies of 1.5, 3, 6 and 12 cpd. However, in the multivariate model only gender, cylinder and CS at frequencies of 3 and 6 cpd remained significant.
There was no relation between QoL improvement and age, educational level, visual acuity, RMS HO and pupil diameter ( Table 1) .
The general scale improved on an average 5 points when there was 1.0D cylinder reduction, and women scored in mean 8.8 points less than men on the general scale. Abnormality on CS at frequencies of 3 and 6 cpd were related to an impairment of 8.5 and 12.6 scores on the general QoL scale, respectively.
DISCUSSION
Studies on ICRS implantation have been limited to the use of visual acuity, Kmax and refraction to evaluate its outcomes but many studies shows that visual acuity is not a good parameter to evaluate visual function, especially in keratoconic patients (13) (14) (15) . In the present study we used the NEI-RQL instrument to assess patients' self-perception to visual changes induced by ICRS implantation and to evaluate the impact of each quantitative measurement on these patients' v-QoL. Our results showed that gender (on average, males scored 8.8 points more than females), normal CS at frequencies of 3 and 6 cpd and cylinder reduction (1D reduction on cylinder was related to an increase of 5 points) were the best predictors of keratoconus patients' responses on the NEI-RQL v-QoL instrument. These findings correlate with a study conducted by Fink et al. (16) to characterize gender differences in the CLEK study. Women were more likely than men to undertake repeat visits to their eye care practitioner and report ocular symptoms of dryness and complaints based upon a composite score of ocular symptoms. NEI-VFQ results revealed that sex differences exist in patients' history, vision, and ocular symptoms in keratoconus patients (16) . CS is an important subjective measure of quality of vision. It has been established that daily functional vision improves with a peak CS improvement that is at 3 and 6 cpd approximately (17) . This explains why the improvement at these frequencies was related to a better v-QoL after Keraring implantation in this study. Other studies also concluded that the CS was directly related to visual function in keratoconic patients (18) . In the multivariate analysis, QoL was not associated with visual acuity, educational level, age, pupil diameter, RMS LO, RMS HO, Kmax and SE. Although Kmax, SE and RMS LO had significant importance in the univariate analysis, they probably lost importance in the multivariate analysis due to the relationship to the cylinder component of refraction (r=0.664 to Kmax, r=-0.506 to RMS LO and r=0.493 to SE).
Our study did not find any correlation between age and v-QoL, possibly owing to the fact that patients were in a similar age group and hence it was not possible to correlate this data to patient satisfaction. Pupil diameter and RMS HO were also not related to v-QoL results. The lack of pupil diameter dependence is probably due to the low variation on this metric.
Studies found that higher order aberrations have a negative impact on visual performance in keratoconus and its correction can improve vision (3, 19, 20) . In our study, higher order aberrations were not individually studied but grouped into RMS HO, and this metric may have cancelled some higher order aberrations' impact on vision. Individual Zernike aberrations have different impacts on visual performance and the effect is not necessarily represented by the RMS HO (21, 22) . This can explain why there was no correlation between v-QoL and RMS HO.
Visual acuity was not related to the patient's satisfaction levels and this confirms earlier findings that high contrast visual acuity may not be the best assessment of visual function (6, 18, 21, 23, 24) . The brain can perceive and read a 20/20 Snellen high contrast optotype even if the visual acuity chart has a great distortion. (22) The performance of visual function is related to the variation in the individual's neural transfer function and how well their retinal image is processed by neurobiological circuits and interpreted by the neural portion of the visual system. This complex cognitive system explains why high-contrast visual acuity may not be a good predictor of visual function. This is especially important when evaluating highly aberrated eyes, such as in keratoconic patients. Their neural visual system compensates for long-term retinal image blur resulting in improved visual performance when compared with normal eyes exposed to the same optical aberrations (25) .
CONCLUSION
This study showed that the NEI-RQL instrument used in conjunction with quantitative metrics was crucial for a comprehensive assessment of the influence of optical tests on patients' v-QoL. It allowed a better understanding of patients' outcomes with ICRS implantation and identified parameters that were significantly related to visual perception. ICRS implantation improves v-QoL due to low contrast improvement at 3 and 6 cpd and reduction of the cylinder component of the refraction. Developments in surgical technique and evaluation of the current outcomes in keratoconus patients must take into account such variables. 
